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Amendments to the Claims: 



The following lists all claims and their status: 



iniors: Wellinglonetal. 
Appl.Scr.No.: 09/841,490 
Alty. Dckl. No.: 5659-01 100 



1-1057. (canceled) 



1058. (prcviously presented): A method of treating a hydrocarbon containing formaUon in silu, 
comprising; 

providing hcnt from one or more heaters positioned in one or more wellborcs to ai least a 

portion of the fonnarion; 

establishing a pyrolysis zone in at least the portion of the formation; 

allowing ihc heat to transfer from the one or more heaters to the pyrolysis zone of the 

formation; 

coniroUing a pressure and a temperature in at least a majority of the pyrolysis zone, 
wherein the pressure is conUolled as a function of temperature, or the temperature is controlled 

as a function of pressure; 

controlling a pressure in the formation to inhibit production of hydi-ocarbons from the 

fomijition having carbon numbers greater than 25; and 
producing a mixture from the formation. 

1059, (prcviously presented): The method of claim 1058, wherein the one or more heaters 
comprise at least two heaters, and wherein superposition of heat from at least the two heaters 
pyrolyzes at least some hydrocarbons in the pyrolysis zone of ihc formation. 

lOCO. (previously presented): The method of claim 1058, wherein at least one of the heaters 
comprises an cleciiical heater. 

106 1 . (previously presented): The method of claim 1058, wherein at least orvc of the hcater.s 
comprises a surface burner. 
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1062. (previously pit^senicd): The method of claim 1058. wherein at least one of ihc heaters 
compri.sos a flamclcss distributed corabastor, 

1063. (previously presented): The method of claim 1058, wherein at least one of the healers 
comprises a natural distributed combustor. 

1064. (canceled) 

1065. (ciLirrcntly amended): The method of claim lOSS, wherein controlling the temperature 
comprises maintaining a temperaUjre witbift-in_ihc pyrolysis zone in apyrolysis temperature 
range, 

1066. (previously presented): The method of claim 1058. furtlier comprising conUrolling a 
healing rate such that an average hejiting rate of the pyrolysis zone is less than about 1 per day 

■ during pyrolysis. 

L067. (previously presented): The method of claim 1058. wherein providing heat from the one 
or more heaters to at least the portion of the formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the one or 
more heaters, wherein the formation has an average heat capacity (C). and wherein the heating 
pyroly/cs at least some hydrocarbons in the selected volume of the formation; and 

wherein hearing energy/day fPyvr; provided to the selected volume is equal to or less than 
/i="V*CvVfl . wherein Pi, is formation bulk density, and wherein an average heating rate (JO of the 
selected volume is about 10 °C/day. 



)06S. (canceled) 

1 069. (previously presented): The method of claim 1058, wherein providing heat from the one 
or more hcatcre comprises heating the pyrolysis zone such that a thermal conduciivity of at least 
a portion of the pyrolysis zone is greater than about 0.5 W/(m "C). 
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1070. (original): Tlic meihod of claim 1058. wherein ihc produced mixtm^ comprises 
condensable hydrocarbons having an API gravity of at least about 25°. 

107 1 . (original): I'he method of clai m 1058. wherein the produced mixture comprises 
condensnble hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefitis. 

1072. (original): The method of claim 1058, wherein the produced mixiurc comprises non- 
concIcns.^>lc hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
non-condensable hydrocarbons are olefins. 

1073. (original): The method of claim 1058. wherein die produced raixiwc comprises non- 
\ conden-sable hydrocarbons, wherein a molar ratio of ethcnc to ethane in the non-condensable 

hydmcnrbon.s is less than about 0. 1 5, and wherein the ratio of cdiene to ethane is greater than 
about 0.001. 

1 074. (previously presented): Tlie method of claim 1058, wherein the produced mixture 
comprises a non-aqiicous portion, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the non-aqueous portion is nitrogen. 

1075. (previously presented): The method of claim 105S. wherein the produced mixiurc 
comprises a non-aqucous portion, and wherein less than about 1 % by weight, when calculated 
on ai^ atomic basis, of the non-aqueous portion is oxygen. 

1076. (previously presented): The method of claim 1058. wherein the produced mixiurc 
compri.^s a non-aqueous portion, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the non-aqueous poilipn is sull\ir. 

1077. (original): The method of claim 1058. wherein the pmduced mixture comprises 
condensable hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the 
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condensable hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1078. (original): The method of claim 1058, wherein the produced mixture comprises 
condensable hydrocarbons, and wherein greater th^ui about 20 % by weight of the condensable 
hydrocai-bons aixs aromatic compounds. 

1079. (original): The method of claim 1058, wherein the produced mixture comprises 
condensable hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1 080. (original): The method of claim 1058, wherein the produced mixture comprises 
condensable hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

108 1. (original): The method of claim 1058, wherein the produced mixture comprises 
condensable hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condon.sable hydrocarbons are cycloalkanes. 

1082. (previously presented): The method of claim 1058, wherein the produced mixture 
comprises a non-condensable component, wherein the non-condensable component comprises 
molecular hydrogen, wherein the molecular hydrogen is gi-caier than about 10 % by volume of 
the uon-condcnsablc component at 25 °C and one atmo-sphcre absolute pressure, and wherein the 
molecular hydrogen is less than about 80 % by volume of the non-condensable component at 25 
"C and one atmosphere absolute pressure. 

1083. (original): Themcthodof claim 1058, wherein the produced mixture comprises 
ammonia, and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1 084. (original): The metiiod of claim 1058, wherein the produced mixture comprises 
animonifl, and wherein the ammonia is u.sed to produce fertilizer, 
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1085. (previously presented): The method of claim 1058, further comprising conlrolling the 
pressure in at least u majority of the pyrolysis zone of the fomialion. wherein the controlled 
pirssiire is at least about 2.0 bars absolute. 

1086. (previously presented): The method of claim 1058, further comprising controlling 
formation condition.^ to produce a mixture of condensable hydrocarbons and IIj, wherein a 
panial pressure of ll2 in the rruxturc is greater than about 0.5 bar. 

1087. (original): The method of claim 1086, wherein Ihe pajtial pressure of H2 is measui-cd 
wlicn the nwxtuie is at a production well. 

1088. (previously presented): The method of claim 1086, wherein controlling formation 
conditions comprises recirculating a portion of hydrogen from the mixture into Oie formation. 

1089. (previously presented): The method of claim 1058, further comprising: 
providing hydrogen (lli) to the pyrolysis zone to hydrogenate hydrocarbons in the 

pyrolysis zone; and 

heating a portion of the pyrolysis zone with heat from hydrogenaiion. 

1090. (currently amended): The method of claim 1058, wherein Ihe produced mixture 
comprises hydrogen and condensable hydrocarbons, tho- mctliod fu rtbe^H^^pristngand 
hydrogcnating a portion of the produced condensable hydrocarbons with at least a portion of the 
produced hydrogen. 

109 1. (previously presented): Tlic method of claim 1058, wherein allowing the heat to transfer 
;i.scs a permeability of a majority of the pyrolysis zona to greater than about 100 millidarcy. 



mere 



1092. (previously presented): Tlie method of claim 1058, wherein allowing the heat to transfer 
increases a pcm\cabiliiy of a majority of the pyrolysis /one such that the pcrmcabiliiy.of the 
majority of the pyrolysis zone is substantially uniform. 
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1093. (previously prcsenicd): The method of claim 1058. funhcr coDiprising conlrolling a 
heating rate to yield greater tlian about 60 % by weight of condensable hydrocarbons, as 
mcasuTcd by Ihc Pischcr Assay. 

1094. (previously presented): The method of claim 1058, wherein producing the mixture 
comprises producing the mixture in a production well, and wherein at least about 7 heaters arc 
disposed in the formation for each production well . 

1095. (previously presented); The method of claim 1058, further comprising providing heat 
from three or more heaters to at least a portion of the formation, wherein three or more of the 
healers aic located in the formation in a unit of hcatei-s, and wherein the unit of heaters comprises 
a triangular paiiem. 

1096. (previously presented); The method of claim 1058, further comprising providing heat 
from three or more heaters to at least a portion of the formation, wherein three or more of the 
heaicis are located in the formation in a unit of heaters, wherein the unit of heaters comprises a 
triangular pattern, and wherein a plurality of the units arc repeated over an area of the formation 
to form a repetitive pattern of units. 



1097-5396. (canceled) 

5397. (previously presented): The method of claim 1094, wherein at least about 20 healers arc 
di.sposcd in the formation for each production well. 



5398-5439. (canceled) 

5440. (previously presented); The method of claim 1058, wherein die pyrolysis zone comprises 
a selected section. 
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5/141. (previously presented): The meihod of claim 1058, wherein at least one of ihc heaters is 
dispo.scd in an open wellborci. 

5442. (previously presented): A method of treating a hydrocarbon containing formation in silu, 
coiTiprising: 

providing heat from one or more heatci-s to at least a portion of the formation, wherein 
one or more heaters provides a heat output of less than about 1650 waits per meter; 
eslabli-shing a pyrolysis zone in at least a portion of Ihe formation; 
allowing the heat to transfer from the one or more heaters to the pyrolysis ?.onc of the 

form all on; 

controlUng a pressure and a tempeiuturc in at least a majority of the pyrolysis zone, 
wherein the pressure is conU-oUed as a function of tcmperamre, or the temperature is controlled 

as a function of pressure; 

controlling a pressure in the formation to inhibit production of hydrocarbons from the 

fomialion having carbon numbers greater than 25; and 
producing a nuxture from the fomiation. 

5443. (previously presented): The method of claim 5^142. wherein the pyrolysis zone comprises 
a selected section. 

5444. (previously presented): The method of claim 5442, wherein at least one of the heaters 
comprises a natural distiibuicd combustor. 

5445. (previously presented): The method of claim 5442, wherein at least one of the healers is 
disposed in tin open wellbore. 

5446. (previously presented): The metliod of claim 5442, further comprising producing a 
mtjciurc from the pyrolysis zone, wherein the mixmre comprises condensable hydrocarbons 
having an API gravity of at least about 25°, 



5447. (canceled) 
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5448. (previously presented): The method of claim 5442. whei^in providing heat from the one 
or more hearers to the portion of the forttiation comprises; 

heating -a selected volume (V) of the formation from one or more of the heaters, wherein 
the forn.ation has an average heat capacity (C). a.d wherein the heating pyroly/.es at least some 
hydrocarbons in the selected volume of the formation; and 

wherein heating energy/day (Pw/-) provided to the selected volume is equal 10 or less tha« 
h*V-C*p, . wherein pa is formation bulk density, and wherein an average healing rate (h) oflhe 
selected volume is about 1 0 °C/day. 

5449. (previously presented): A method of treating a hydrocarbon containing formation in situ, 

comprising: 

providing heat from one or more heaters lo at least a portion of the formation; 
allowing the heat to transfer from the one or more heaters to a part of the formation; 
controlling a pr<.ssui^ and a temperature in at least a majority of the pait of the formation, 
wherein the pressure is controlled as a function of temperature, or the temperature is controlled 

as n function of pressure; 

controlling a pnissure in the formation to inhibit production of hydrocarbons from the 

formation having ciurbon numbers greater than 25; and 

proclueing a mixture from the fomiation. wherein the mixture comprises condensable 

hydrocarbons, 

5450. (previously presented): The method of claim 5449. whci-ein the part of the formation 

comprises a selected section, 

5451. (previously presented): The metliod of claim 5449. further comprising establishing a 
pyrolysis zone in the part of tlie formation. 

5452. (previou-My presented): The method of claim 5449. wherein at least one of the heaters 
compri.scs a natural distributed combustor. 
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5453. (pccvioLisly prcscnlcd): The mctliod of claim 5449, wherein at least one of the heaters is 
clispofied in an open wellborc. 



5454. (previously presented): The method of claim 5449, wherein the condensable 
hydrocacbons have an API gravity of at least about 25°, 




5455. (canceled) 

5456. (previously presented): Tlie method of claim 5449. wherein providing heat from the one 
or more heaters to the portion of ihc formation comprises: 

hearing a selected volume (V) of the formation from one or more of the healers, wherein 
the formation has an average heat capacity (Cv). and wherein the heating pyrolyzes at least .some 
hydrocarbons in the selected volume of the fonnatiOTi; and 

wherein healing energy/day (Pwr) provided to the selected volume is equal to or less than 
l,W*Cv*pD, wherein pais formation bulk density, and wherein an average healing rate (h) of the 
selected volume is about 10 "CYday. 




5457. (new): The method of claim 5449, wherein controlling the temperature comprises 
maintaining a tcmpcraiurc in the pyiolysis zone in a pyrolysis temperature range. 

545S. (new): Tlie method of claim 5449, further comprising controlling a heating rate such that 
an average heating rate of the pyroly.sis zone is less than about I "X: per day during pyrolysis. 

5459. (new): Tlie method of claim 5449, wherein providing heat from the one or more heaters 
comprises heating the pyrolysis zone such that a thenmal conductivity of at least a portion of the 
pyrolysis zone is greater than about 0.5 W/(m °C). 

5460. (new): The method of claim 5449, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the condensable 
hydrocaibons ajti olefins. 
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5^61 . (new): The meihod of claim 5449. wherein the produced mi xturc comprises non- 
condcnsablc hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
non-condcnsablc hydrocarbon.^ are olefins. 

5462. (new): The method of claim 5449, wherein Iho produced mixluro comprises non- 
conclen.sahlc hydrocarbons, wherein a molar ratio of ethcne to ethane in the non-condcnsablo 
hydrocarbon.s is less than about 0.15, and wherein the ratio of ethcne to ethane is greater than 
about 0.001. 

5463. (new): The method of claim 5449, wherein the produced mixture comprises a non- 
aqueous portion, and wherein less than about 1 % by weight, when calculated on an atomic basis, 
of ihe non-aquoous portion is nitrogen. 

5464. (now): The method of claim 5449, wherein tlie produced mixture comprises a non- 
aqueous portion, and wherein less than about I % by weight, when calculated on an atomic basis 
of Ihc non-aqueous portion is oxygen. 

5465. (new): The method of claim 5449, wherein the produced mixture comprises a non- 
aqiicou.i portion, and wherein less than about 1 % by weight, when calculated on an atomic basis 
of ihc non-aqueous portion is sul fur. 

5466. (new): The method of claim 5449, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrociutons comprise oxygen containing compounds, and wherein the oxygen containing 
compounds compri.se phenols. 

5^ 67. (new): Tlic method of cl aim 5449, wherein the produced mixmre comprises a non- 
condensablo component, wherein the non-conden.sable component comprises molecular 
hydrogen, wherein the molecular hydrogen is greater than about 10 % by volume of the non- 
condcnsable component at 25 =C and ore atmosphere absolute pressure, and wherein the 
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molecular hydrogen is less than about 80 % by volume of the: non-condensable coniponcnl at 25 
and one airnospherc absolute pressure. 

5468. (new): The melhod of claim 5449, fiuther comprising controlling the pressure in at least 
a majority of the pyrolysis zone of the formation, wherein the controlled pressure is at least about 
2.0 bars ab.solute. 

5469. (new): The method of claim 5449, wherein the produced mi Murc comprises hydrogen 
and condensable hydrocarbons, and hydrogenaling a portion of ihc produced condensable 
hydR)carbons with at least a portion of the produced hydrogen. 



ic 




5470. (new): The method of claim 5449, wherein allowing the heat to transfer increases a 
permeability of a majority of the pyrolysis zone such lhat the permeability of the majority of the 
pyrolysis zone is substantially uniform. 

547 1 . (new): The method of cl aim 5449, wherein producing the mixture comprises producing 
the mixture in a production wcU, and wherein at least about 7 heaters are disposed in the 
formulion for each produciion well. 

5472. (new): Tlie method of claim 5442, wherein controlling the temperature comprises 
maintaining a temperature in the pyrolysis zone in a pyrolysis temperature range. 

5473. (now): The method of claim 5442, further comprising controlling a heating rate such lhat 
an average heating rate of the pyrolysis zone in less than about 1 "C per diiy during pyrolysis. 

5474. (new): Tlic method of claim 5442, wherein providing heat from the one or more heaters 
comprise;? heating the pyrolysis zone such that a thermal conductivity of at leasi a portion of the 
pyrolysis '/one is greater than about 0.5 W/(m "C). 
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5475. (new): The method of claim 5442, wherein the produced inixiurc compiiscs condcn.«iablc 
hydrocarbons, and wherein about O.i % by weight to .bout 15 % by weight of the condensable 
hydrocarbons are olefins. 

5476. (new): The method of Oaim 5442. wherein ihc produced mixture comprises non- 
condensable hydrocarbons, «nd wherein about 0. 1 % by weight to about 15 % by weight of the 
non-condensable hydrocarbons ore olefins. 



non- 




5477. (new): Tlic method of claim 5442, wherein the produced mixture comprises 
condensable hydrocarbons, wherein a molar ratio of cthene to ethane in the non-condensable 
hydrocaibons is less than about 0.15, and wherein tlie raUo of ethene to ctliane is greater than 
about 0.00 1. 

5478. (new): The method of claim 5442, wherein the produced mixture comprises a non- 
aqueous portion, and wherein less than about 1 % by weight, when calculated on an atomic basis, 
o f th c no n-aqueous porii on is ni trogen . 

5479. (new): The method of claim 5442. wherein the produced mixture comprises a non- 
aqueous portion, and wherein less than about 1 % by weight, when calculated on an atomic basis, 
of the non-aqueous portion is oxygen. 

5480. (new): The method of claim 5442, wherein the produced mixture comprises a noji- 
aqucous portion, and wherein less than about 1 % by weight, when calcubted on an atomic basis, 

of the non-aqueous portion is sulfur, 

5481. (new): The method of claim 5442, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oitygen containing compounds, at^d wherein the oxygen containing 
compounds comprise phenols. 
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a non- 




5482, (new): The method of claim 5442. wherein the produced mixture comprises 
condensable component, wherein the non-condensable component comprises molecular 
hydrogen, wherein the molecular hydrogen is greater than about 10 % by volume of Ihe non- 
condcnsablc componenr at 25 °C and one atmosphere absolute pressure, and wherein the 
molecular hydrogen is less than about 80 % by volume of the non -condensable component at 25 
*C and one atmosphere absolute pressure. 

54S3. O^cw): The method oF claim 5442. further comprising controUing the pressure in at least 
a majority of Ihc pyrolysis zone of ihe formation, whcrcin the controlled pressure is ut least about 
2.0 bars absolute. 

5484. (now): The method of claim 5442, wherein the produced mixture comprises hydrogen 
a,ul condensable hydrocaitons, and hydrogenating a portion of the produced condensable 
hydrocarbons with at least a portion of the produced hydrogen. 

5485. (new): The method of claim 5442, wherein producing the mixture comprises producing 
the mixture in a pn^duction well, and wherein at least about 7 heaters arc disposed in the 
formalion for each production well. 
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